Agility and fast reaction to changes is required in today's turbulent manufacturing environment. Unfortunately, the commonly used user interfaces (UIs) on the factory floor don't support such rapid reaction. Even though the human involvement improves agility and reactivity of production systems, it is also a source of uncertainty, especially when it comes to information inputting. Therefore, specific attention should be placed on human-friendly UI design, in order to improve the reliability of collected data and productivity of operations, as well as to make the workplaces more attractive for the future operators. This paper gives generic guidelines for human-friendly UI design and represents a case study in the context of manufacturing IT-system design.
Introduction
Human factors play a crucial role in manufacturing. The desire towards more agile and responsive manufacturing requires that real time information of the production plan, status and other relevant aspects is always visible for those who need it, when they need it. This, in turn, requires that the information is, on one hand collected from the production processes, and on the other hand displayed to the workers in a humanfriendly way. Still common manual practices in information inputting, e.g. re-typing information from paper documents to IT-systems, don't allow real time transparency to the operations, neither provide reliable and timely information of the realized production.
The interviews conducted among 25 Finnish manufacturing companies [1] showed that even though the companies have not yet widely adopted proper manufacturing IT-solutions, such as Manufacturing Execution Systems (MES), there is a strong desire to increase the digitalization in manufacturing. MES would support real time data collection from the manufacturing operations in a digital format, and this data could be used throughout the organization for better and more synchronized management and control of the operations [2] . In order to mitigate problems relating to human perceptual and cognitive capabilities, as well as behaviour, a special attention should be paid on the design and selection of good and intuitive user interfaces (UIs) for the new manufacturing IT-systems. The novel ways of working on the factory floor should not only improve the efficiency and quality of operations, but also be pleasurable for the workers. To attract future operators, the manufacturing sector should target to social sustainability and adopt new UI technologies in order to be more appealing and accessible for youngsters who have grown into a digital world [3] .
This paper discusses a study conducted in an ongoing LeanMES-project. The project's objective is to create a lean, scalable and extendable concept for a new type of MES that supports human operator in a dynamically changing environment. One target is to study novel approaches for intuitive user interfaces. The purpose of this paper is to draw the background for the development of UIs for factory floor operators by highlighting some relevant theory for user-centric design, and identifying and analysing the current challenges and needs of manufacturing companies. The focus of this paper is on information display and collection.
2

Research method
The characteristics of a good design depends on the users, tasks and context of use of the designed technology (e.g. [4] [6] ). Therefore the research approach taken for this study was to analyse all these three aspects, namely users, tasks and context. The research, discussed in this paper, consists of the following steps:
1. Interviews: The data for the analysis was collected form the interviews conducted among 25 Finnish manufacturing companies mainly from machine building industry. In each company three types of personnel were interviewed to get a comprehensive view on the needs, current challenges and underlying context: 1) plant or production manager; 2) production worker and 3) main user of the production planning and execution system or IT manager. The questions focused on the everyday production planning and control, change situations, data collection and search, quality control practices and work instructions. For more information on the interviews, please refer to [1] . 2. Literature review: Literature review on user-centric design, human-computer interaction, and existing and emerging UI technologies was conducted. The purpose was be able to take into account the relevant characteristics when making selections for proper input and output modalities, medias, technologies and display designs. 3. Task analysis: As LeanMES-project focuses on the information flows and visibility, the main focus in the task analysis was to map the required information inputs and outputs on different workstations and tasks. The purpose was not to perform this analysis for any individual company, but to generalize the results for machine building industry.
Analysis of suitable input and output modalities, media and UI technologies:
While designing user interfaces, three selections need to be made: 1) Selection of the modality, which refers to the sensory channel that human uses to send and receive a message (e.g. auditory, visual, touch); 2) Selection of the medium, which refers to how the message is conveyed to the human (e.g. diagram, video, alarm sound); and 3) Selection of the technology to deliver the message (e.g. smart phone or workshop PC). These were analysed on the basis of the task requirements. Attention refers to the selective aspects of perception, which function so that at any instant a user dedicates his limited information processing capacity to the purposeful manipulation of a subset of available information [7] . According to [8] many studies have shown that it is easier to perform two tasks together when they use different stimulus or response modalities, than when they use the same modalities. According to multiple resource models, different attentional resources exist for different sensorymotor modalities and coding domains [8] .
Mental models are used to understand systems and to interact with systems. Based on Ritter et al. [4] mental model can be considered as a representation of some part of the world that can include the structures of the world, how they interact and how the user can interact with them. Payne [9] simplified the meaning of mental models into "what users know and believe about the systems they use". The model the user brings to the task will influence how they use the system, what strategies they will most likely employ, and what errors they are likely to make. It is therefore important to design the system in such a way that the user can develop an accurate mental model of it. [4] One important concept, which aids in building the correct mental model of the system, and therefore easing its usage, is the stimulus-response (S-R) compatibility. This means that there should be clear and appropriate mappings between the task/action and the response. It is typically seen as having physical aspects of an interface (e.g. buttons) and displays match the world that they are representing. [7] 
Guidelines for designing interfaces with good usability
Several authors have given guidelines and heuristic principles for designing user interfaces with good usability. In the following are collected the most relevant guidelines specifically for LeanMES-project's purposes.
 Usage of terms and language: The system should speak the user's language and use words they already know and which are relevant for their context. The UI should exhibit consistency and standards so that the same terms always mean the same thing. Consistent use of words strengthens the chances of later successfully retrieving these words from the memory. [4] , [10]  Use recognition rather than recall: Systems that allow users to recognize actions they want to do will be easier initially to use than those that require users to recall a command. [4] , [10]  Favour words over icons: Instead of displaying icons, words may be better. This is because retrieving names from memory is faster than naming objects.
[10]  Information reliability and quality: The user should not be provided with false, misleading, or incomplete information at any time [11] .
 Show only information which is needed: The system should be aesthetic and follow minimalist design, i.e. do not clutter up the UI with irrelevant information [10] .  Provide feedback for the user: The current system status should always be readily visible to the user [4] , [10] , [11] .  Make available actions visible: Make the actions the user can (and should) perform easier to see and to do [4] .
 Allow flexibility for different users: The system should have flexibility and efficiency of use across a range of users, e.g. through keyboard short-cuts for advanced users. [10]  Ensure that critical system conditions are recoverable: The user should have the control and freedom to undo and redo functions that they mistakenly perform [10] , [11] .
In their book Wickens et al. [12] defined 13 principles for display design, which should be taken into account when designing the LeanMES UIs:
 Perceptual principles: 1) Make displays legible (or audible); 2) Avoid absolute judgement limits; 3) Remember that user's past experience affects to how the signals are likely to be perceived and interpreted; 4) Build redundancy to the system, i.e. present the same signal in multiple different forms or modalities; 5) Use discriminable elements.
 Mental model principles: 6) Utilize pictorial realism, i.e. make a display to look like the variable that it represents; 7) Put the moving elements to move in a pattern and direction compatible with the user's mental model.  Principles based on attention: 8) Minimize information access cost by allowing for frequently accessed sources to be located at the nearest possible position; 9) If divided attention between two information sources is necessary for the completion of one task, make them to have close mental proximity; 10) Utilize different cognitive resources (e.g. vision and hearing) if multiple information must be presented simultaneously.  Memory principles: 11) Replace memory with visual information; 12) Provide information predictively; 13) Utilize consistency among different displays.
Several things have to be considered when designing visual communications, such as web pages, different visual displays or dashboards. These include aspects such as typography (including typeface, its style, size, word spacing, leading, line length), colour, field of vision, page layout design, and amount of information on display. When using colour to show e.g. qualitative differences or highlight key data, it should be remembered that at least 9% of population is colour-deficient. Thus, colour should not be used as an only cue. [13] Often the display size is limited, especially with hand-held devices. When evaluating how much information should be presented on the display screen, the demands from cognitive and visual perspectives may be contradicting. According to [14] , presenting little information on a screen at time helps to avoid visibility problems resulting from high-information density. On the other hand, presenting as much information on screen as possible allows users to have maximum foresight (cognitive preview) of other functions on the menu, which should benefit information access from a cognitive point of view and minimize disorientation. [14] 4 Results
Identified challenges relating to information inputting and display
The performed interviews revealed multiple challenges relating to the current information inputting and display practices on the factory floors. The main challenges, encountered especially in small and medium sized companies, are summarized below:
1. The paper work orders and documents, still commonly used to control the production and to collect information from the factory floor (e.g. time stamps, quality data, measurements), were regarded as problematic, because they don't provide real time information of the operations and their status. In addition, the information written on paper must be re-typed to IT-systems, which is non-value adding manual work, prone to human errors. 2. Paper documents are cumbersome to update and they get easily lost, e.g. work instructions are not up-to-date and rescheduling or re-routing of the orders requires the production supervisor to go physically to each workstation to change the order of the jobs. 3. The current information inputting practices don't produce reliable, timely data of realized production. Many companies stated that the operators tend to forget to record the receipts or they do it only once a day. The existing UIs are cumbersome to use, or are not in the same physical location with the operator (e.g. shared computers). This has often led to such practice that the recordings are done in batches rather than immediately after the event that should be recorded. 4. The recordings or information search require often long sequence of numbers, e.g. serial, order or project number, to be manually typed to the system. This is time consuming and error prone activity. 5. The usability of the current IT-systems used in manufacturing is often poor. The operators may use substantial time of their day to searching for information.
4.2
Task analysis
As LeanMES-project focuses on the information flows and visibility, not in humanmachine collaboration in general, the main focus in the task analysis was to map the required information inputs and outputs of different roles in the factory. The roles were defined based on the tasks which are performed on different workstations. The following tasks/workstations were analysed: machining (milling and turning), sheet metal cutting, welding, assembly, as well as material receiving and shipping. The generic information needs and outputs on different tasks/workstations were systematically identified based on the interviews and workshops with industrial partners, and drawn as information input-output graphs (Figure 1) . These graphs didn't take a stand on if human involvement is needed or if machine can manipulate or produce the information automatically. The purpose was to allow different automation strategies and the allocation of the functions to either human or machine for example based on the Fitt's list (MABA-MABA approach) [4] . Fig. 1 . Example of the information input-output graphs.
Example of selecting the modality, media and technology
The information elements in the input-output graphs were systematically categorized into physical items, spatial items, conceptual information, dynamic procedural information, events, descriptive information, values and causation, as exemplified in Figure 1 . Based on this division, suitable modality and media were suggested for each information element relying on the heuristics presented by [15] . Below one example is discussed.
In case of the machining centre's loading or unloading order, the attention of the operator has to first be captured. Especially in multi-machine operating mode, when the operator is performing multiple tasks simultaneously and doesn't have direct visual sight to the machines all the time, the suitable modality for capturing the attention could be auditory or touch (haptic). This way the operator can concentrate on the current task at hand, which most probably requires visual attention, and simultaneously receive information about the upcoming task by using other attentional resources than vision. Such output could be produced e.g. by smartphone in the operator's pocket or smart watch in his/her wrist alerting, vibrating and possibly giving spoken information about the upcoming task. After capturing the operator's attention and guiding him/her to the correct machine, the task procedure has to be instructed to him/her. For such information, containing a lot of details and information elements, vision should be used as a main sensory channel. As discussed in [9] , multi-media work instructions have been proved more powerful compared to single media instructions. Therefore, the detailed task procedure may be shown as a sequence of still images, video or animation, supplemented with text-based or audio instructions. For displaying this information, larger screen is preferred next to the machine, as not so much information can be conveyed through small smart phone display without compromising the visibility. When the task is completed, the operator should record the task done through the same UI by just one click. The task status gets updated to the MES and the information is immediately visible to others.
Discussion and Conclusions
Human-friendly UI design is crucial when aiming for efficient operations. The identified challenges in Finnish manufacturing companies clearly show that there is a need for digitalization and adoption of new UIs on the factory floors. As noticed during the interviews, human involvement increases flexibility of the production system, but also causes uncertainty to the information management processes. In order to mitigate this problem, a special attention should be placed on good and intuitive UIs and human-computer interaction technologies. These UIs should bring the needed information to the operator without searching and allow effortless information inputting. This paper highlighted some important human characteristics and design considerations for user-centric UI design, especially from the manufacturing IT-systems' perspective.
The goal of the LeanMES-project is to support human operator especially from the information acquisition and inputting viewpoints. Therefore the task analysis presented in this paper concentrated on identifying the needed information elements, rather than identifying the detailed steps (or their sequence) that the worker needs to perform in order to achieve their manufacturing related goals. Example of the selection of the suitable modalities, media and UI technologies for the identified information elements was shortly presented. The future work will include testing and analysing the suggested media and technologies in real industrial contexts.
